We investigate the stability of measured risk attitudes over time, using a 13-year longitudinal sample of individuals in the NLSY79. We find that an individual's risk aversion changes systematically in response to personal economic circumstances. Risk aversion increases with lengthening spells of employment and time out of labor force, and decreases with lengthening unemployment spells. However, the most important result is that the majority of the variation in risk aversion is due to changes in measured individual tastes over time and not to variation across individuals. These findings that measured risk preferences are endogenous and subject to substantial measurement errors suggest caution in interpreting coefficients in models relying on contemporaneous, one-time measures of risk preferences.
1
Although the theory of economic decision under uncertainty typically presumes that individuals have time-invariant risk preferences, a series of empirical papers have raised doubts about the validity of the presumed stable risk preferences. More than two decades ago, Love and Robison (1984) examined the intertemporal stability of risk preferences using a data set including just 23 American farmers. Individual's risk preferences were elicited through choices between pairs of possible incomes at four different income levels in 1979 and again in 1981. They found that risk preferences were not stable over time, although they could not establish a firm pattern of change in risk preferences over two years. More recently, Andersen et al. (2008) That leaves open the possibility that instability is due more to random measurement errors in risk measurement than to a behavioral response to changing economic circumstances.
Past studies have tried to establish how various economic or demographic attributes 'cause' attitudes toward risk using cross-sectional data. The evidence is uneven. Donkers et al. (2001) find that more educated and higher income individuals are less risk averse. Hartog et al. (2002) also find that wealthier individuals are less risk averse. However, Barsky et al. (1997) show that risk aversion increases with income and wealth for the lower half of their distributions. Donkers et al. (2001) , Barsky et al. (1997) , and Riley and Chow (1992) all find that risk aversion varies by age, but they disagree on the direction of the correlation. The most consistent finding is that women are more risk averse than men (Donkers et al. 2001; Hartog et al. 2002) . Halek and Eisenhauer (2001) find that the unemployed are less risk averse than job holders.
A more recent strand of the literature has begun to question whether measures of risk aversion depend on the risk elicitation method. Barseghyan et al. (2011) found that households tend to be more risk averse when facing hypothetical deductible decisions involving home insurance compared to auto insurance. Anderson and Mellor (2009) find that risk preferences obtained from experiments using real money prizes are not consistent with those inferred from surveys with hypothetical gambles. Binswanger (1980) observed that the distribution of measured risk aversion shifts to the right as proposed payoffs increase in a field experiment in India. Holt and Laury (2002) derive the same conclusion in a sample of American students.
Another strand of literature suggests that individual risk attitudes depend on feelings or emotions at the time risk is assessed. Raghunathan and Pham (1999) find that anxiety makes people more risk averse whereas sadness makes people less risk averse. Lerner and Keltner (2000) show that fearful people are more pessimistic and so they are less likely to take on risk. In a similar vein, but focusing on personal experience on stock market returns, Malmendier and Nagel (2011) find that people who experienced higher stock market returns show greater willingness to take risk.
While there appears to be consensus that measured risk preferences vary with elicitation mechanisms at a point in time, there is less evidence that measures of risk preferences using the same elicitation method are subject to change over time. Finding cross-sectional variation in risk preferences across individuals at one point in time does not prove that individual risk preferences are unstable. This chapter explores the long-term stability of measured risk preferences by exploiting a 13-year longitudinal sample of individuals in the National Longitudinal Survey of Youth 79 (NLSY79) over which risk attitudes were elicited on four different waves. The longer time series allows us to evaluate not just whether preferences are stable, but whether variation in preferences is dominated by variation in risk preferences across individuals or by variation in individual risk preferences over time. Furthermore, the large sample size and long time frame allow us to identify some clear regularities in how risk attitudes change due to individual economic circumstances.
We find dramatic evidence that measured risk preferences for individuals are not stable: 57% of the total variance in measured risk aversion is attributable to changing individual risk attitudes over time and only 43% to variation across individuals. Even after controlling for plausible demographic and economic factors that might alter individual attitudes toward risk, the within variance due to unexplained changes in individual risk aversion over time dominates the between variance across individuals. To the extent that the within variation is an indication of measurement error, over half of the variation in measured risk preferences is noise, suggesting that there will be significant bias when such measures are included in regressions explaining economic behavior. Although many cross-sectional studies found that demographic variables such as age, education, and marriage are correlated with variation in risk aversion, we find that changing personal economic circumstances have a greater impact on individual risk aversion than do changing demographics. Individuals become more risk averse as their incomes rise and as the duration of a current employment spell increases. Risk aversion also increases with duration of time spent out of the labor force and with accumulated work experience. In contrast, risk aversion decreases with length of a current unemployment spell. Because risk preferences respond to current economic circumstances, they cannot be viewed as causal factors in studies of contemporaneous economic decisions such as occupational choice, earnings, or entrepreneurship.
The rest of this paper is organized as follows. Section I reviews data and measures of risk aversion. Section II discusses empirical methodologies for testing the intertemporal stability of risk aversion. Empirical results that reject the stability of risk aversion are presented in section III. Section IV concludes.
I. Data and Measures of Risk Aversion
The data is drawn from the National Longitudinal Survey of Youth 79 (NLSY79).
The NLSY79 offers a consistently designed lifetime income gamble questions to respondents in 1993, 2002, 2004, and 2006. In the hypothetical gamble questions, the individual is asked to choose between a safe job paying a fixed current income and a risky job that will return a higher expected return but with a chance of income below the safe level. The risk questions are as follows:
(Q1) Suppose that you are the only income earner in the family, and you have a good job guaranteed to give you your current (family) income every year for life. You are given the opportunity to take a new and equally good job, with a 50-50 chance that it will double your (family) income and a 50-50 chance that it will cut your (family) income by a third. Would you take the new job?
The individuals who answered 'yes' to this question were then asked: (Q2) suppose the chances were 50-50 that it would double your (family) income and 50-50 that it would cut it in half. Would you still take the new job? Those who answered 'no' to the first question (Q1) then asked: (Q3) suppose the changes were 50-50 that it would double your (family) income and 50-50 that it would cut it by 20 percent. Would you take the new job?
Responses to the series of gamble questions are used to elicit measures of risk aversion. Degree of risk aversion is measured by the degree to which the respondent is willing to accept downside risk, measured by the amount that could be reduced. We construct an ordered categorical risk aversion index ranging from 1 to 4 and so the risk index goes from the least to the most risk averse. Table 1 . Most respondents fall into the most risk averse category and the second largest portion into the least risk averse category. This suggests that there is considerable heterogeneity in risk attitudes across individuals. There is a tendency for increasing risk aversion with age: 46% were in the most risk averse category in 1993 but 57% in 2006. The largest decline is in the least risk averse group which falls from 25% to 17%.
However, the progression to greater average risk aversion with age masks considerable variation in the patterns of changing risk aversion across individuals as shown in Panel B of as 35% moved at least 2 risk categories between the two periods. These intertemporal changes cannot be explained as just reflecting an aging cohort of respondents.
II. Testing for the stability of risk aversion over time
In order to test the presumption that risk aversion is stable over time, we first incorporate analysis of variance (ANOVA). We measure the relative stability of risk aversion by assessing how much of the variance in measured risk aversion is attributable to variation across individuals and how much is due to due to variation in individual risk aversion over time. ANOVA allows us to decompose the total variance in response to the income gamble question into 'between' individual and 'within' individual components. The between variance is due to deviations of individual mean risk aversion from the sample mean.
The within variance is due to changes in measured risk aversion within an individual over time.
With n individuals in the sample and 4 temporally separated measures of risk aversion for each individual i, the total sum of square (TSS) partitioned into sum of squared errors (SSE) and sum of squares of treatments (SST) can be written as: The SSE corresponding to the first term of equation (1) measures the within variance due to changes in individuals measured risk aversion, while the second term measures the between variance due to differences in mean risk preferences across individuals. The TSS can be alternatively estimated by the sum of the two variance components or by equation (2).
We report the variance decomposition in Panel A of table 2 . Surprisingly, 57% of the total variance comes from the within individual component and only 43% is due to the between variance. The majority of the variance in risk aversion is due to changing individual risk preferences over time and not to different risk preferences across individuals.
Nor is this result due to some regular pattern of evolving risk preferences as individuals age.
Panel B reports the within and between variation in risk aversion after controlling for a vector it X of demographic attributes that could explain why individual risk attitudes might change over time: age, marriage, education, and number of kids. If risk preferences change as these demographic attributes change over the sample period, they will reduce the within component. However, after removing the variance attributable to these noneconomic variables, the within variance falls only to 54% from 57%, and so the within component is still larger than the variation across individuals.
Since the sizeable within component is not due to non-economic factors, it is potentially influenced by changing economic circumstances. We take on that question next.
A. What personal economic circumstances affect risk aversion over time?
To explore the transitory economic factors that alter measured risk attitudes, we first must control for any underlying differences in tastes for risk across individuals. That suggests using a fixed-effects regression that will control for unobservable individual tastes and all other time-invariant factors u i . We also add the time-varying elements of the vector of demographic factors, X it , including age and its square, education, marital status, and 
B. Measures of key independent variables
Weekly labor force information and interview date are available in the NLSY79. Barsky et al. (1997) . Unlike earlier conclusions based on studies using a single cross-section, changes in education do not affect measured risk aversion. And changes in marital status have only small effects that are statistically significant only at the 10% level.
III. Results
Changing economic circumstances do influence risk preferences by statistically significant but numerically small amounts. Risk aversion increases with net family income at a decreasing rate with peak risk aversion at $307 thousand. In other words, household become increasingly risk averse as income rises for virtually the entire range of household income. Because age and income are positively correlated, conclusions regarding the pattern of risk preferences by age in previous studies may have been clouded by the underlying correlation between age and household economic status. Our results that risk preferences rise with income are consistent with Barsky et al. (1997) and Bellemare and Brown (2010) .
Previous studies argued that more risk-averse job seekers exit unemployment faster (Stephenson 1976; Feinberg 1977) or that the employed are more risk averse than the unemployed (Halek and Eisenhauer 2001) . However, the direction of causality is uncertain when based solely on cross-sectional data. The longitudinal data used in this study allows us to investigate whether the duration of employment, unemployment, or out of labor force spells affect risk preferences. We find that among those who are currently employed, risk aversion increases with the duration of employment spell. Risk aversion also increases with the duration of time spent out of the labor force. To the extent that employment or out of labor force are the desired state, these results suggest that risk aversion increases with persistence in success at time allocation decisions. In contrast, risk aversion decreases with length of current unemployment spell or persistent lack of success in time allocation. A one standard deviation increase in weeks of a current employment spell raises risk aversion by 1.6%, evaluated at sample means. A one standard deviation increase in time out of the labor force increases risk aversion by 1.4%. On the other hand, a one standard deviation increase in unemployment spell lowers risk aversion by 0.5%.
These effects are quite small. It takes a consistent spell of 1-2 years to move measured risk preferences up or down by one point. Nevertheless, individuals are more responsive to current spells than accumulated labor market experience. A 52 week current employment spell raises risk aversion 3 times more than one year of accumulated work experience.
The last two columns remove the fixed effects and allow nonlinearities in the measured risk aversion using an ordered probit specification. These estimates allow us to show that some of the demographic effects are captured by the individual fixed effects as marital status and education do not change for large fractions of the sample. In addition, males are significantly less risk averse than women. However, the signs and significance of the economic variables remain intact.
Regardless of specification, we easily reject the hypothesis that risk preferences do not respond to current and accumulated household economic circumstances. 4 The implication is that risk preferences are endogenous to economic success. One cannot use contemporaneously measured risk preferences to 'explain' labor market decisions regarding search, employment, or labor force participation. With extended periods of unemployment or employment, risk preferences can change substantially. Recent work of Malmendier and Nagel (2011) also suggests that personal economic experiences of macroeconomic shocks explain individual risk preferences. They show that experiences of high stock market returns makes individuals less risk averse and so risk preferences are indeed endogenous to personal economic experiences, which is consistent with our conclusion.
The main story from section II remains. Variation in measured risk preferences are dominated by changes in individual risk preferences that are uncorrelated with demographics or changing economic circumstances. These apparent random measurement errors in risk preferences suggest that one should use considerable caution in using measured risk preferences to test theoretical propositions regarding how risk attitudes influence economic choices.
IV. Conclusion
Risk aversion plays an important role in economic decisions. Economists often use measured risk aversion as a fixed taste that explains why individuals with the same opportunities make different choices under uncertainty. This paper examines whether the 4 Expanding the sample to include individuals with on partial information on demographic or economic variables does not change our conclusions. See Appendix 3. measured risk aversion is indeed fixed or if it varies over time. Utilizing panel data from the NLSY79 over a 13-year span, we find that measured risk aversion varies to a much greater extent than assumed in past empirical studies where risk aversion is treated as an exogenous factor in individual decisions. Individual risk aversion changes systematically in response to changing personal economic circumstances. While previous cross-sectional studies have found evidence that risk aversion is correlated with economic variables, we show that measured risk aversion responds to an individual's recent employment and earnings success. 
